Abstract: This study concentrated on evaluating the mechanical characteristics of Palmyra fruit fibre/MMT clay reinforced polyester hybrid composites. The effects of nano clay loading and surface treatment on the fibre surface are simultaneously observed by conducting various tests. Compression moulding technique is followed to fabricate the composite samples. Composites are prepared with and without surface modified fibre and in the both cases, nano clay is added hence the changes due to the various weight percentages of nano clay are also recorded. Surface modification of the fibre was done with 1 N alkali solution. The mechanical properties like tensile, flexural and impact strengths are evaluated as per ASTM and reported.
Introduction
Decades ago, several commercial, non-food products are fabricated with natural extracts such as fibres, sheaths, shells, etc... (Bledzki and Gassan, 1999; Onal and Karaduman, 2009 ) based on the requirements, pre-processed extracts are also used. Composite fabrication then modernised based on the consumer requirements and particularly the cost effectiveness (Venkateshwaran et al., 2011; Thiruchitrambalam, M. and Shanmugam, D. (2012; Padmavathi et al., 2012; Reddy et al., 2012) . In the recent manufacturing trends, researchers are interested to develop eco-friendly modern engineering materials without compromising the technical features. This took the researchers to focus on the natural extracts for the preparation of engineering materials (Sridevi et al., 2013; Karaduman et al., 2012) . In older days, fibres of bio extracts are utilised in fabric industries. Later researchers are attempting to fabricate engineering materials by using natural extracts preferably fibre and sheaths. Composite material technology plays a major role in the fabrication of engineering material with most desired properties (Pradeep and Kumar, 2010) .
Nowadays, to enhance properties of several natural fibre composites are carried out by using surface modified reinforcement materials fabricated with regular matrix. Surface modification generally achieved by suitable chemical treatments on the fibres, Researches rather slight down to fibre surface modification than matrices to hike composite strength (Xie et al., 2010; Kumar and Kumar, 2012; Shunmugam and Thiruchitrambalam, 2013) . Generally, most of the polymer matrix materials are reinforced with vegetable fibres for eco-friendly aspect and cost effective fabrication. Due to the availability of raw materials and simplified machining, researchers from developing countries are showing more interest to work with natural fibre reinforced polymer composites (Sever et al., 2010; Sathishkumar et al., 2012) .
The choice of natural fibre for a particular polymer matrix is mostly done and analyses are now concentrating on to evaluate the effects of surface modification and nano clay addition. In this way the surface modification of the fibre plays better in many research works (Ahmad et al., 2011; Libo, 2012; Shalwan and Yousif, 2014) . Fibre surface modification mainly improves the gripping ability of natural fibre with the matrix, further lead the better interfacial bond strength to get superior structural properties (Senthil et al., 2014; Kim et al., 2011) . Fibre surface treatment is performed on the fibre with the help of a particular chemical solution and the choice of the solution for the particular fibre and application are justified only after peer research (Anyakora and Abubakre, 2011; Onal and Karaduman, 2009; Sathishkumar et al., 2013; Shalwan and Yousif, 2014) . This analyse proves that the fibre surface treating agent's uniqueness and effect of nano clay presence of the mechanical properties of Palmyra fruit fibre/MMT nano clay reinforced polymer composites, perhaps another work (Sankar and Ravindran, 2014) discussed the wear associated performance of the untreated and treated Palmyra fibre composites.
Experimental details

Fibres and matrix
The reinforcement material here used is Palmyra fruit fibre, which is obtained from the Palmyra trees. The same is collected from the southern parts of India, particularly from the Tamil Nadu region. The fibres are extracted from the fruit by buffeting with water for removing the surrounding pulpy content and then dried for two days. The dried fibres separated from the fruit seed by manual operation and cut into short fibres. The length of the fibre ranges from 3 mm to 5 mm. Figure 1 shows the fibre preparation process flow in stage by stage. Orthothalic grade: SBA2303 polyester resin is used as matrix material. methyl ethyl ketone peroxide (MEKP) and cobalt-naphthenate are used as catalyst and accelerator respectively. Analytical Reagent grade sodium hydroxide (NaOH) is supplied by the United Scientific, Madurai/TN, India. Organo-modified montmorillonite nanoclay powder (MMT-modified with 15-35 wt% Octadecylamine and 0.5-5 wt% aminopropytriethoxysilane) was used as an additional reinforcement during the composite fabrication. The commercially available organo-modified MMT nanoclay (Nanomer 1.31 PS) was procured from Sigma Aldrich.
Fibre surface modification
Surface treatment of the Palmyra fruit fibres is done with 1 N alkali (NaOH) solution. The salt bath is maintained in the room temperature (30°C). The pre-dried fibres are immersed into the alkali solution and kept for 1 hour. Treated fibres then washed several times with distilled water in order to remove the excess alkali deposition followed by the oven drying at 60°C for 4 hours.
Composite fabrication
Short Palmyra fruit fibres are taken after all, pre-processes and their length kept between 3 to10 mm. The fibre orientation kept random. The reinforcement weight percentage is taken as 30wt% for the all untreated, and treated fibre reinforced composites produced by considering the optimum results of the another work (Sankar and Ravindran, 2014) . Out of 30 wt% allotted to the reinforcement phase, three different combinations of fibre and nano clay are tested to find the optimum contribution of nano clay. They are 1. 29 Wt% fibre+1 wt% nano clay, 2.27 wt% fibre+3 wt% nano clay and 3.25 wt% fibre+5 wt% nano clay. Wax coated mould cavity is used for the easy removal of the cured composite. The chopped fibres are pre-compressed in the mould at 10 MPa and forwarded to production. Polymer resin after mixed with desired amount of nano clay and catalyst is applied as a thin layer on the bottom of the mould cavity followed by the stacking of pre-compressed fibre mat. The resin is applied successively during the stacking of further fibre mats. After the final coat of the resin the mould is closed under the pressure of 15 MPa. Room temperature curing is done and mould is opened after 24 hours. For the peer analyse on the effect of nano clay and surface modification of fibre, eight different samples are prepared and relevant details and notations are given in Table 1. All produced composites, then cut into the dimension as per the test standards. 
Results and discussion
Hardness and density the composites
The combined effects of nano clay and surface treatment on the mechanical properties of the Palmyra fruit fibre/nano clay reinforced polymer hybrid composites are presented in Table 2 . Table 2 shows the Shore D hardness and density values of both untreated and treated Palmyra fruit fibre/nano clay reinforced polymer hybrid composites. Apart from the effects of surface treatment, the presence of the nano clay shows notable changes in the hardness and density of the composite. The nano clay in the unsaturated polyester matrix is acting as an effective agent to control the cohesiveness and adhesiveness of the matrix phase. The alkali treatment obviously increases the gripping ability of the fibre in the matrix phase. Due to that, the treated fibre reinforced samples show better results than the untreated fibre reinforced composites.
Tensile, flexural and impact strengths of the composite
Fibre surface treatment enhances the gripping capacity of the fibre by roughening its surface (Sankar and Ravindran, 2014) . The alkali treatment on the natural fibre surface generally washes away the wax content and moisture up to some level. Due to the loss of the constituents in the fibre surface, the density of the overall fibre body reduced and the physical and chemical properties of the alkali treated fibre show notable differences when compared to the properties of a treated fibre. The presence of the nano clay in the composite body effects on all structural properties. From the tensile test results, it is identified that the polymer composites prepared with surface treated Palmyra fibre and MMT nano clay are having superior tensile strength over the other composite samples. In the impact test results also the alkali treated fibre reinforced polymer composites shows superior impact strength. In particular, the composite samples having 3 wt% nano clay are having outstanding impact strength over all other composite samples. Apart from the contribution of surface modified fibre, the loading of nano clay plays a vital role in enhancing the mechanical abilities of the composites. In this research three different proportions of fibre and nano clay are used. Among these all, polymer matrix reinforced with 27 wt% NaOH treated Palmyra fruit fibre with 3 wt% MMT nano clay combination shows superior results in mechanical tests when compared to other type of samples. This infer that the optimum loading of nano clay in polymer matrix along with surface modified Palmyra fruit fibre is 3 wt%. From Figure 4 , it is understood that the mechanical strength of the composites is enhanced from nano clay proportion at 1%. After crossing the 3 wt% the mechanical abilities started to decrease.
Conclusions
Palmyra fruit fibre composites are fabricated through compression moulding method with and without MMT nano clay inclusion. The main aim of the work is to identify the optimum range of nano clay weight percentage in the composite structure. For that, three different weight percentage of nano clay is used and the test results are reported. In both cases, the fibre surface treatment with NaOH also considered. By conducting various mechanical tests on the above said eight different samples following conclusions are made.
• NaOH surface treatments on the Palmyra fruit fibre highly increase the fibre-matrix mechanical interlocking eventually increases the mechanical strengths • random orientation of the fibre distribution further supports the increase bending strength of the composites • presence of the nano clay in the Palmyra fruit fibre reinforced polymer composite body enhances its hardness, density and associated properties
• the optimum weight percentage of the nano clay is identified as 3 wt% for achieving better composite properties.
